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Emergency medical care (EMC) is proposed by the World Health Organization (WHO) as 
being one of the core components of a horizontal approach to improving population health 
in low-resource settings; triage is considered to be a fundamental part of this field. Most 
studies exploring triage have focused on high-income countries. In 2004, the Cape Triage 
Group (CTG) developed the South African Triage Scale (SATS) a scale that uses a 
physiologically based scoring system together with a list of discriminators - designed to 
triage patients into one of four priority groups for medical attention. The SATS was designed 
for use in the South African context to mitigate the limited numbers of doctors and 
professional nurses. The SATS has been implemented and assessed extensively in South 
Africa, but its performance across a spectrum of different low-resource settings, particularly 
non-sub-Saharan African and trauma-only settings, has not been adequately assessed. 
Médecins Sans Frontières (MSF), an international humanitarian organisation, introduced 
EMC in 2006 into low-resource settings. In 2011, MSF began introducing the SATS in various 




This was a multi-site retrospective cohort study which sought to assess the reliability and 
validity of the SATS in different low-resource settings.  
Aim 1: To implement and evaluate the SATS in Northern Pakistan by describing the steps of 
implementation and how accurate nurses were in using the triage scale. After one month of 
implementation, 370 triage forms from a one-week period were evaluated.  
Aim 2: To assess the inter- and intra-rater reliability and accuracy of nurse triage ratings 
when using the SATS in an emergency centre (EC) in Timergara, Pakistan. Fifteen EC nurses 
assigned triage ratings to a set of 42 reference vignettes (written case reports of EC 
patients) under classroom conditions. Inter-rater reliability was assessed by comparing 
these triage ratings; intra-rater reliability was assessed by asking the nurses to re-triage ten 
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random vignettes from the original set of 42 vignettes and comparing the duplicate ratings. 
Accuracy of the nurse ratings was measured against the reference standard.  
Aim 3: To improve the ability to measure reliability and validity in paediatric settings by 
developing a set of paediatric paper-based vignettes using the Delphi methodology. In a 
two-round consensus building process, a panel of EC experts were asked to independently 
triage 50 clinical vignettes using one of four acuity levels: emergency (patient to be seen 
immediately), very urgent (patient to be seen within 10 min), urgent (patient to be seen 
within 60 min), or routine (patient to be seen within four hours). The vignettes were based 
on real paediatric EC cases in South Africa. Vignettes that reached a minimum of 80% group 
consensus for acuity ratings on either round one or two were included in the final set of 
reference vignettes.  
Aim 4: To further assess the reliability of the SATS across MSF-supported hospitals using 
paper-based vignettes in Afghanistan, Haiti and Sierra Leone. Applying the same 
methodology as in Northern Pakistan, we assessed reliability under classroom conditions 
between December 2013 and February 2014. 
Aim 5: To assess the validity of the SATS across MSF-supported hospitals between June 2013 
and June 2014. Validity was assessed by comparing patients’ SATS ratings with their final EC 
outcomes (i.e., hospital admission, death or discharge) across four sites in Afghanistan, Haiti 




The SATS was able to be easily implemented and accurately completed in a low-resource 
setting of Northern Pakistan. We recommended further implementation and assessment of 
reliability and validity in low-resource settings. 
Across six sites with a total of 87 nurses, including two trauma-only hospitals in Afghanistan 
and Haiti, a paediatric-only hospital in Sierra Leone and three mixed medical settings in 
Afghanistan, Pakistan and Haiti, the SATS demonstrated moderate to substantial reliability.  
Across all settings in which we measured validity using outcome markers, SATS predicted an 
increase in the likelihood of admission/death when moving from low- to high-triage acuity. 
In trauma-only settings of Afghanistan and Haiti, the SATS showed a 1-9% under-triage and 
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a 2-16% over-triage rate. In mixed medical and paediatric settings, under-triage ranged from 
0-76% while over-triage ranged from 2-88%.  
A more logical standardised approach to assessing validity was put forward when using 
outcome markers that would allow easier comparisons to be done across validity studies 
irrespective of the number of levels the triage scale had. 
We developed a set of paediatric vignettes for use in low-resource settings but cautioned 
against its use after measuring reliability using adult reference vignettes. We found that 
generic vignettes were poor substitutes in a variety of settings based on a lack of 
contextualisation and understanding by local nurses. 
   
Conclusion 
 
The SATS has reasonable reliability with good validity across different ECs in various low-
resource settings. The SATS is a valid triage tool for prioritisation of patients with trauma in 
low-resource settings. Its use in mixed EC settings seems justified, but in paediatric settings 











Chapter 1: Introduction 
 
Emergency Care Systems (ECS) addresses a wide range of acute conditions, including injuries, 
communicable and non-communicable diseases and complications of pregnancy.[1] 
Emergency Care is an essential part of the health system and often serves as the first point of 
contact for many people around the world.[2] The World Health Organization (WHO) 
proposes that ECS is one of the core components of a system wide approach to improving 
population health in low-resource settings.[2] 54% of all deaths in low- to middle-income 
countries could be affected by ECS. And yet in many low-resource settings, the ECS is not 
deemed a priority.[3] The World Health Assembly has called on all its member states to 
prioritise the establishment of integrated ECS.[2]  
 
The three core components of ECS are: i) scene-based care, ii) transportation care, and iii) 
provision of emergency care on arrival at the receiving health facility.[4] While all three 
components are equally important, strategies to address the first and second components 
are futile if the adequate provision of effective emergency care at the receiving health facility 
cannot be ensured. 
 
One of the major challenges linked to this third component is around a health facility’s 
capacity to deal with emergency patient caseloads.[4] In low-resource settings, triage has 
been identified as being one of the weakest links in the ECS.[4] Restructuring the intake area 
of a hospital and implementing a triage system has been shown to decrease mortality.[5] 
Triage is the systematic process of determining a patient’s priority for treatment based on the 
severity of their condition when there are limited resources. The principal aim of triage is to 
ensure that patients receive care in a time relative to their clinical need, in order to minimise 
patient morbidity and mortality and to ensure the most efficient use of emergency centre 
(EC) resources.[6] 
 
Médecins Sans Frontières (MSF) is an international humanitarian organisation providing 
emergency medical assistance to populations in danger across 70 countries.[7] Over the last 
40 years, MSF has implemented and used triage in high-conflict zones as well as after natural 
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or man-made disasters, focusing mainly on pre-hospital triage. Over the last decade, the 
context of MSF’s work has evolved to include health facilities and ECs in low-resource settings. 
They faced as many others in low-resource environments, the problem of overcrowding in 
the ECs. This often led to compromised patient safety, increased waiting times and further 
constraints on already limited resources. These challenges highlighted the need to develop or 
identify and implement a triage scale that could be used reliably and safely in their ECs.[6,8] 
 
However, identifying such a system proved difficult as so many different types of EC triage 
scales exist. The four most commonly discussed in-hospital EC triage systems include the 
Manchester Triage Scale (MTS)[9] the Canadian Triage Acuity Scale (CTAS)[10], the Emergency 
Severity Index (ESI)[11], and the Australasian Triage Scale (ATS).[12] While these triage 
systems have been widely used and researched in high-resource settings, it was unknown 
whether these systems were valid for use in low-resource settings. For one thing, these triage 
scales were complex. For example, the MTS consists of 52 flow charts that nurses need to 
understand and apply to each patient scenario.[13] ESI, on the other hand, requires the nurse 
to determine and assign a number of potential resources that could be used by each 
patient.[14] These triage scales therefore required a high level of training and needed highly 
qualified staff to use them reliably, which precludes their use in low-resource settings.  
 
The most widely recommended triage tool for low-resource settings has been WHO’s 
Emergency Triage Assessment and Treatment (ETAT) system.[15] However, this system is only 
applicable for children under five. In fact, there is no way to triage older children or adults 
with this tool. In 2004, the Cape Triage Group developed the Cape Triage Score, later renamed 
the South African Triage Scale (SATS) - a physiologically based scoring system and a list of 
discriminators designed to triage patients into one of four priority levels (with an additional 
category for dead on arrival patients).[16] The SATS was intentionally designed for use by 
entry level, relatively unskilled nurses - nursing assistants - due to the limited numbers of 
doctors and professional nurses in South Africa.[17] The SATS was revised in 2008 and again 
in 2012.  
 
The advantages of the SATS over the ETAT are that i) the 2008 SATS has three versions - one 
for adults, children and infants unlike the ETAT, which is for children under five years only; ii) 
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the SATS uses more objective-based markers to judge triage priority; and iii) staff training for 
the SATS is only four hours versus just over three days for ETAT.  
 
Premise of Study  
 
This study was born from the challenges faced while working for MSF. Emergency medical 
care is provided by MSF in a number of hospitals across the countries in which it works, but 
until recently lacked the use of any formal triage scale. MSF often works in low-resource 
settings with high patient caseloads. Given their settings they often encountered poorly 
skilled staff with basic education. Therefore, in 2011, MSF identified the 2008 SATS as an 
appropriate triage scale and began piloting the tool in a number of settings. 
 
The SATS has been extensively evaluated in South Africa,[18–21] but formal examination of 
its use in other low-resource settings has received little attention. Key attributes that are 
essential to assess when introducing a triage tool into a system are its validity and reliability 
in that setting. With regard to the validity of a triage tool, it should be able to determine an 
acuity level as closely as possible to the patient’s true acuity. For a tool to be reliable, the 
same results should be generated every time with the same healthcare worker (intra-rater 
reliability) and there should be agreement among health care workers (inter-rater reliability) 
regarding a patient’s acuity level, irrespective of their true acuity.[22] 
 
A tool’s reliability and validity is correlated with the effectiveness of triage. Given the paucity 
of knowledge in the low-resource settings around effectiveness of triage, further 




The overall aim of this PhD was to examine the implementation of the SATS by MSF in its 






1. To describe the implementation and accuracy of the SATS in a low-resource MSF setting. 
2. To develop a set of context-specific reference vignettes to evaluate paediatric triage 
systems in low-resource settings. 
3. To assess the reliability and validity of the SATS when used by EC nurses in a low-resource 
setting. 
4. To assess the inter- and intra-rater reliability of the SATS when used by EC nurses across 
multiple low-resource settings. 




The study was approved by the MSF ethics review board and the University of Cape Town 
Human Research and Ethics Committee. National Ethical review boards in Afghanistan, 





Funding was provided by the Medical Research Council (MRC) to the principal researcher 




All paper-based data were kept at the office of the principal investigator protected by a 
double locking mechanism. This information will be destroyed after five years of storage. All 
digital information is kept in a Protection of Personal Information Act (POPI) compliant, two 
factor authenticated cloud-based storage system. Some information has been anonymised 






Each of the five objectives was completed as a separate study and all are presented in the 
following chapters. Chapter 2 details the current literature on the reliability and validity of 
triage in low-resource settings. Chapters 3 to 7 contain peer-reviewed published papers that 
report the methodology, results and main findings related to the chapter’s objectives. Each 
chapter contains supplemental analysis and discussion of important learning points from each 
publication including additional relevant but unpublished information. Chapter 8 presents the 
discussion and brings all the findings of each chapter together in terms of the overall thesis. 





























An extensive literature search was undertaken at the beginning of the research period in 
2013, we did not undertake a formal systematic review but rather regularly repeated the 
search throughout the years of the PhD, driven by separate publication reviews. The last full 
literature search was conducted in January 2018 as part of the final write up; however, to 
keep with the natural contemporaneous nature of undertaking research, studies related to 
the research question published after 2014, are only discussed in the discussion chapter 
(chapter 8). 
 
We searched peer-reviewed literature published in the English language from 1980 onwards. 
We took a three-pronged approach and included databases, electronic journals and 
bibliographies of articles reviewed. Databases searched included PubMed central, Medline, 
CINAHL, Cochrane Library and Google Scholar. Search terms included individual and 
combinations of the following keywords: triage, high resource settings, Canadian Triage and 
Acuity Scale, CTAS, Emergency Severity Index, ESI, Manchester Triage System, MTS, 
Australasian Triage Scale, ATS, Kampala Trauma Score, KTS, World Health Organization, 
WHO, low resource settings, South African Triage Scale, reliability, validity, low and middle-
income countries, LMIC, ETAT, emergency triage, emergency triage assessment and 
treatment, accuracy, Afghanistan, Sierra Leone, Haiti, Pakistan, and Sub-Saharan.  
 
We also hand searched a number of journals including:  
Academic Emergency Medicine 
Accident and Emergency Nursing  
Acute Medicine and Surgery  
African Health Sciences 
African Journal of Emergency Medicine 
African Journal and Primary Health Care and Family Medicine 
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American Journal of Emergency Medicine 
American Journal of Epidemiology 
American Journal of Public Health 
Anaesthesia 
Annals of Emergency Medicine 
Australasian Emergency Nursing Journal 
BMC Emergency Medicine 
BMC Health Services Research 
BMJ Global Health 
Bulletin of the World Health Organization 
Canadian Journal of Emergency Medicine 
Emergency Medicine Australasia 
Emergency Medicine Journal 
European Journal of Emergency Medicine 
International Emergency Nursing 
International Journal of Emergency Medicine 
International Journal of Nursing Studies 
Journal of Emergency Nursing 
Pan African Medical Journal 
PLoS ONE 
South African Medical Journal 
 




The best-known reports date the process of triage to between 1792 and 1801. Development 
of this practice was spearheaded by Dominique Jean Larrey, a French military surgeon serving 
under Napoleon Bonaparte, and since then, triage has come to have three distinct areas of 
practice:  
 
1. triage in the field 
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2. triage to provide effective medical care following a disaster, and  
3. triage to provide effective medical care in the emergency centre (EC). [23]  
 
Triage in the field, and triage following a disaster, usually refers to pre-hospital triage. The 
latter can be done quickly by staff with minimal skills and is usually conducted in response to 
a mass casualty incident. Triage following a disaster is often in the context of too many 
patients for the resources available and is used to not only differentiate those who are seen 
first but includes those that may not receive care at all. It is not necessarily used to direct care 
at the most critically injured but rather towards those most likely to survive.[24] There are a 
number of primary and secondary triage tools that have been developed for the pre-hospital 
setting; these include: Simple Treatment and Rapid Transport, JumpSTART, Care Flight Triage, 
Triage Sieve, Sacco Triage method, Secondary Assessment of Victim Endpoint and Paediatric 
Triage tape among others.[24] These are basic three-level systems designed to be used only 
in a pre-hospital setting. They usually require no equipment and are structured to allocate 
patients to one of three categories, namely: immediate care, urgent care or delayed care. 
These categories are normally colour coded to ensure ease of identification of each group. 
Red, yellow and green are most often used to denote immediate, urgent and delayed care, 
respectively. The triage systems ask basic broad questions and require basic yes/no answers 
after each question. For example, “Can the patient walk?” - If yes, the patient is classified as 
delayed care (green), or “Is the patient breathing?” - If no, then open airway, if breathing after 
this then patient is classified as immediate care (red).  
 
In-hospital triage scales have developed from these pre-hospital triage systems, and comprise 
three-, four- or five-level scales. Triage scales in this setting is often used to identify time 
sensitive illnesses.[25] Typically, the more levels a scale has, the more nuanced it can be in 
differentiating between patient acuity (i.e., urgency of care) and resource needs. The trade-
off however is in the complexity and skill needed to administer the scale accurately. Triage 
systems involving a higher number of acuity categories usually require greater skill and 
experience by the staff utilising them. Travers et al. report that five-level scales demonstrate 
better reliability, improved sensitivity and specificity, and a greater ability to discriminate 
between patients, than a three-level scale.[26] The ideal triage scale is one that is able to 
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accurately and reliably differentiate between patients, and is simultaneously simple and easy 
to implement by staff who have minimal training.  
 
For any given triage scale, each acuity level denotes a specific clinical urgency for care and 
comes with a recommended ‘time to treat’ specification. Some scales include a ‘dead on 
arrival’ category, which can lead to some confusion when deciding whether the scale is a four 
or five level scale.  
The SATS is a four-level triage scale, but has five overall levels as follows: 
1. Emergency (patient to be seen immediately),  
2. Very Urgent (patient to be seen within 10 minutes),  
3. Urgent (patient to be seen within 60 minutes),  
4. Routine (patient to be seen within 4 hours) and  
5. Dead on Arrival (certification of death to be issued within 2 hours of patient being 
seen)  
 
Whereas the CTAS, ATS, MTS and ESI are all five-level scales and do not include a Dead on 
Arrival level.  The CTAS for instance includes these five levels: 
1. Resuscitation (immediate),  
2. Emergency (within 15 minutes),  
3. Urgent (within 30 minutes),  
4. Less Urgent (within 60 minutes), and  
5. Non Urgent (within 120 minutes) 
Note the CTAS does not have a dead on arrival category as part of the scale. 
 
 
Triage Scales available in high-resource hospital settings  
 
Emergency hospital-based triage systems are still relatively new. Over the last 30 years, four 
major triage systems have been extensively researched – all from high-income settings.[27] 
All four are five-level categorical measurement scales and include the ATS (previously known 
as the National Triage Scale) which was implemented in 1993 and revised and renamed ATS 
in 2000[12]; the CTAS developed in the late 1990s and revised in 2004 and again in 2008[28]; 
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the MTS developed in 1994 and widely used across the United Kingdom and Europe[29], and 
the ESI developed in 1998 for the United States of America to replace the three-level triage 
scales widely used at the time.[30] These are all complex five-level triage scales that have 
demonstrated good performance results in the countries in which they were developed. The 
MTS, ESI and CTAS have been implemented outside of their home countries but have shown 
lower performance measures in Spain, Ireland and Taiwan.[9,31,32] We have not been able 
to identify any studies on the implementation of these triage scales in low-resource settings. 
This is not surprising as these triage scales are complex in structure and practically unfeasible 
in the context of low-resource settings. For example, the MTS consists of 52 flow charts that 
nurses need to understand and be able to apply to each patient scenario[13]; the ESI requires 
the resources that might be used by each patient, to be counted and assigned.[14] These 
triage scales require a high level of staff training and need highly qualified staff to use them 
reliably.  
 
Other triage scales exist but have been studied much less. These include the Taiwan Triage 
Acuity Scale (TTAS) which was originally constructed as a four-level scale and later revised 
into a five-level scale in 2006 based on the CTAS[28,33]; the Rapid Emergency Triage and 
Treatment System (RETTS) developed in 2006 and revised in 2010, RETTS was implemented 
in Sweden, Norway and Denmark[34–37]; the Italian Triage Emergency Method (TEM)[38]; 
and the French Emergency Nurses Classification in Hospital Scale (FRENCH)[39]. 
 
Triage scales available in low-resource hospital settings  
 
Over the last 30 years, few triage scales have been developed for use in low-resource 
settings.[40,41] Triage has been identified as part of an essential package of emergency care, 
and yet across low-resource settings very few hospitals use a formal triage scale.[1,42–44]  
In 1999, the WHO developed the ETAT system to address high paediatric mortality. The ETAT 
aimed to improve triage for all sick children arriving at outpatient clinics in low-resource 
settings. Paediatricians believed that improved triage would significantly reduce morbidity 
and mortality in infants and young children.[45] The ETAT has subsequently been 
implemented widely across low-resource settings.[46,47] One major drawback, however, is 
the lack of adult and older child triage scales; ETAT only allows for triage of children under 
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five years of age. This has limited its used as a triage scale in hospital-based settings where a 
patient mix of adults and children is usual. The use of two different triage scales has the 
potential to cause confusion and errors.  
In 1996 the Kampala Trauma Score (KTS) was developed as a severity scoring system for 
trauma registries in Uganda.[48] It was theorised that it might serve as a triage scale in low-
resource settings too. However, a study by Kobusingye et al. showed its use as a triage scale 
was limited given the low sensitivity and specificity across two hospitals in Uganda.[49] In 
addition to this limitation, it is only designed for trauma patients and therefore has limited 
utility in EC settings where the trauma load is between 8-36% of emergency cases.[40,50] 
 
The South African Triage Scale was developed in 2004 specifically for low-resource South 
African settings.[51] At the start of this thesis, it was the only triage scale that existed for the 
triage of both adults and children in a low-resource setting, and which showed good reliability 
and validity.   
 
The South African Triage Scale 
 
The SATS was previously known as the Cape Triage Score and was designed to be used by 
enrolled nurses (i.e. entry level nursing staff possessing a basic one-year Diploma). A scale 
that could reliably be carried out by enrolled nurses would be ideal, given the paucity of 
highly-trained healthcare workers.[21,52] The SATS uses a physiologically based scoring 
system, namely, the Triage Early Warning Score (TEWS) and it also uses a list of discriminators 
designed to triage patients into one of five colour coded priority groups for medical attention. 
The colour categories are as follows: i) red – immediate priority; ii) orange – very urgent 
priority; iii) yellow – urgent priority; iv) green – delayed priority (minor injuries/illness); and 
v) blue – dead (in some contexts the colour black is used). The SATS 2008 scale consists of 
three age specific charts (i.e. adult, child and infant; Figures 1-3, respectively) whereas the 








Figure 1: South African Triage Scale, Adult 2008 
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Figure 2: South African Triage Scale, Child 2008  
                                                                 CHILD TRIAGE SCORE                © South African Triage Group 2008 
  3 2 1 0 1 2 3   
Mobility       Walking With Help 
Stretcher/ 
Immobile 








60-79   80-99 100-129 
130 or 
more 
  HR 








  Temp 








Trauma       No  Yes    Trauma 
3 to 12 years old / 96 to 150 cm tall 
 
 
CO LOUR RED O RAN GE YELLO W  GREEN  BLUE 
TEW S  7 or m ore 5-6  3-4  0-2  DEAD  
Target tim e to 
treat 






















M echanism  of 
injury 
  
H igh  energy 
transfer 



























Haem orrhage - 
uncontrolled 
Haem orrhage - 
controlled 
Seizure - current Seizure - post ictal 
  
  







D islocation  -           
other jo int 
D islocation  -                
finger or toe 
Fracture - 
com pound 
Fracture - closed 
Burn  –                           
face / inhalation 
Burn over 10%  
Burn - other 
Burn  - electrical 
Burn - 
circum ferentia l 




Abdom inal pain 
Hypoglycaem ia –  
g lucose less than 
55 
D iabetic -               
g lucose over 200      
&  ketonuria 
D iabetic -                   




Vom iting -       
persistent 
 PR bleeding 
Inappropriate            
h istory 
Pain   Severe Moderate M ild 




Figure 3: South African Triage Scale, Infant 2008 
                                                                 INFANT TRIAGE SCORE         © South African Triage Group 2008 
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The SATS began to be implemented across South Africa in 2006, and was revised in 2008 and 
2012.[40,50,51] It has been extensively validated across South Africa and other sub-Saharan 
settings but has yet to be evaluated elsewhere. In South Africa, it has demonstrated good 
reliability and validity when used by enrolled nurses[18–21,53,54]; it was for these reasons 
that MSF chose to implement the SATS in their ECs.  
 
Reliability of the SATS 
 
Reliability allows us to reflect on the amount of error inherent in a measurement. Many terms 
have been used to describe reliability in the literature including ‘agreement’, ‘reproducibility’ 
and ‘consistency’.[55,56] Use of these different terms however can cause confusion, lead to 
erroneous conclusions and can limit the comparability of studies. The formal definition of 
reliability is ‘subject variability’ divided by ‘subject variability plus measurement error’. This 
definition stems from Classical Test Theory, and should essentially help test whether the scale 
can differentiate between patients.[57] Reliability can be defined as the ability of a scale to 
reproduce the same results either when used by different raters or when used by the same 
rater over time. Inter-rater reliability refers to how well a scale yields the same result when 
used by different raters assessing the same subject; intra-rater reliability refers to how well a 
scale yields the same result when the same rater assesses the same subject at different points 
in time.[58]  
 
Common measures used in reliability 
 
Reliability is an important performance indicator for a triage scale, and many studies assess it 
separately from validity. Reliability in triage literature is commonly reported on using either 
the kappa coefficient or the intraclass correlation coefficient (ICC).[59,60] The kappa 
measurement can be either unweighted or weighted; most authors report on the weighted 
kappa. The unweighted kappa only corrects the observed percentage between raters for the 
effects of chance and does not take into account the degree of disagreement across the scale. 
Linear weighted and quadratically weighted kappa (QWK) coefficients were introduced to 
take account of the magnitude of any disagreement. Kappa statistics – weighted and 
unweighted – are associated with a number of limitations:  
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1) They are dependent on the number of categories in the ordinal data. This means five 
level triage scales have a higher weighted kappa estimate than a three level scale in 
the presence of the same agreement[59];  
2) They are dependent on the distribution of cases[61]: the wider the distribution of 
cases, the lower the kappa statistic; and 
3) They are insensitive to differences in agreement for different ordinal values. 
 
These limitations can make it difficult to interpret kappa estimates and do not always allow 
unambiguous interpretations on the different classification models of Landis and Koch, Fleiss 
and Cicchetti and Sparrow.[52,62] Even though the weighted kappa takes into account the 
magnitude of disagreement, some have suggested that the QWK does not truly reflect clinical 
urgency. Wulp et al. have proposed a new type of kappa altogether, instead of the linear 
weighted or the QWK, which is commonly used. Wulp argues that the QWK with equal 
weightings could misrepresent actual clinical outcome. When using the QWK, a mis-triage of 
two categories counts as 75% exact agreement; in real life however, if a patient is triaged as 
non-urgent, when in fact they are an emergency case, the ramifications could be deadly (e.g., 
death or serious disability). The current QWK does not account for this and as such a new 
weighting system has been proposed. The new weighting system accommodates for one 
category difference and seriously penalises for a difference of more than one category.[58] 
This is all very well, but in the absence of a gold standard and variations in the use of kappa 
estimates that use different weighting systems, it is impossible to compare reliability results 
from different studies.  
 
 
The ICC is the other statistic used in triage research. There are three types of ICC defined by 
Shrout and Fleiss: 
• Type 1: assumes that a different set of raters is used for the assessment of each 
vignette; 
• Type 2: assumes that the raters are a random sample from a population of raters; and 
• Type 3: assumes a given number of raters are the only raters of interest for the 
reliability of these ratings.[63] 
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The ICC can be used to assess either: 
1 the reliability of a single rater’s ratings (among a group of k raters), or  
2 the reliability of the mean rating of the k raters (i.e. what is the reliability of a 
rating that is calculated by averaging the ratings across raters). 
 
Berk has identified 11 reasons why the ICC is superior to the kappa when assessing reliability. 
Some of these reasons include i) its ability to isolate factors affecting reliability, ii) its flexibility 
to analyse more than two raters and more than two responses, iii) its ability to include and 
exclude systematic differences between raters as part of the error term, iv) its ability to 
handle missing data, and iii) its ability to provide a unifying framework that links together 
different ways of measuring inter-rater agreement. [56,64] 
 
The QWK has been shown to be equivalent to the ICC type 2 in terms of results obtained 
through the different calculations.[56] Still, there is no universally accepted coefficient for the 
measurement of reliability, and this renders the comparison of different study results 
difficult. For this reason, the Guidelines for Reporting Reliability and Agreement Studies 
(GRRAS) were published. These guidelines set out specific measures that should be reported 
on in the context of reliability testing, and their main purpose is to allow comparison of results 
across related studies.[57]  
 
Practical assessments of reliability in triage 
 
Studies assessing the reliability of a triage system – those conducted in both low- and high-
resource settings – have often used paper-based vignettes (e.g., short, written clinical 
scenarios descriptive of a patient’s presenting complaint, including additional simple 
investigations and basic vital signs). Some studies in high resource settings have used parallel 
research nurses to assess reliability.[65,66] This, however, is not feasible in low-resource 
settings. Paper-based vignettes, although limited in their ability to convey audio-visual cues, 
are accepted by most triage researchers as being an acceptable way of presenting the 
relevant case details of a patient and allowing that patient’s respective acuity level to be 
determined.[13,38,67,68] Most studies use local EC cases as a basis for the vignettes. 
Generalisability of vignettes across settings poses a significant limitation. Twomey et al. 
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proposed the use of a set of standard adult reference vignettes for use in the assessment of 
reliability and validity.[69] However, no such vignettes exist in the area of paediatrics.   
 
The SATS had been shown to be a reliable triage scale in South Africa and Botswana at the 
start of this thesis[59,70], but its reliability in other contexts had not been assessed.  
 
Validity of the SATS  
 
Validity in the context of a triage scale, measures a scale’s ability to make accurate inferences 
about a patient’s true acuity level.[56] Three common types of validity exist, namely, content, 
criterion and construct validity. Criterion validity can be divided into concurrent and 
predictive validity.  
 
1. Content validity – is not based on the scores of a scale but only on the judgement 
of experts regarding content of the items.  
2a. Concurrent validity – most often used when trying to replace one tool with 
another one. 
2b. Predictive validity – used when developing instruments that allow us to get 
answers earlier than current instruments allow. 
3. Construct validity – used when trying to measure a hypothetical construct rather 
than something that can readily be observed.[56] 
  
In triage validity research, given the lack of an agreeable gold standard, two methods are 
commonly accepted: 
1. Use of expert opinion: Paper-based vignettes are most commonly used. However, 
some studies have used real-time, simultaneous side-by-side triage with an expert.   
With simulated paper-based cases, vignettes are assessed by ‘triage experts’ and 
assigned a rating (i.e., the expert gold standard). Thereafter, triage officers 
independently triage the vignettes under classroom conditions. The officers’ ratings 
are then compared to the expert gold standard, and measures of accuracy (i.e., over-
triage and under-triage) are calculated.[21,71–73]  
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2. Use of EC outcomes as surrogate markers for patient acuity: hospital admission, 
mortality, length of hospital stay, and resource utilisation are commonly used as 
predictive markers for true patient acuity. The assumption is that patients with a high 
triage acuity are more likely to be admitted to hospital, more likely to die, more likely 
to have a longer hospital stay and more likely to require greater resources than 
patients with lower triage acuities.[18,20,33,74,75] 
 
It can be argued that both these methods are a form of construct validity as they both refer 
to a hypothetical construct. However, there is some confusion on this: Twomey et al. referred 
to the use of outcome markers as a form of predictive validity whereas Wulp et al. referred 
to them as a form of construct validity.[22,58] Streiner has mentioned this confusion and 
suggested that we stay away from trying to label the type of validity but instead clearly 
describe each construct used when dealing with validity studies. This helps future researchers 
to understand how they went about validity of the tool rather than what name they called 
it.[56] 
 
Measures of validity 
 
Validity can be measured using the two methods as described above, however, interpretation 
of results are not always straight-forward.  
When using paper-based vignettes, researchers compare the results of their raters to that of 
an expert opinion (i.e., a proxy gold standard). From these results, they commonly work out 
over- and under-triage. Many use the American College of Surgeons - Committee on Trauma 
(ACS-COT) guidelines of acceptable over- and under-triage levels. ACS-COT states that 30-50% 
over-triage and 5-10% under-triage are acceptable rates.[21] This was revised in 2014 to 25-
35% over-triage and 5% under-triage.[76] ACS-COT is based on trauma pre-hospital patients 
only and designed for high-resource settings. The feasibility of these benchmarks was proven 
to be unreasonable with the current resources in Pennsylvania, America.[77] Twomey et al. 
have argued that it does not represent appropriate measures for over- and under-triage in a 
low-resource setting.[21] The implications of such a high over-triage rate is significant for low 
resource settings. Such a high number of over-triaged patients results in a significant strain 
on already limited resources with little or no clinical benefit for patients. Some validity studies 
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have moved away from using ASC-COT as a reference range and instead use Odds Ratio of 
admission across acuity levels.[58] We explore this further in Chapter 7.   
When using outcome measures it becomes difficult to represent it as over- and under-triage. 
Some studies have tried this by grouping triage categories together using the outcome 
markers of death, hospitalisation or discharge as the proxy gold standard. The expectation is 
that the outcome for high acuity patients should either be death or admission whereas the 
outcome for low-acuity patients should be discharge. Studies differ in how they stratify high-
acuity and low-acuity patients (e.g. Rosedale et al. stratified Emergency (Red) and Very urgent 
(Orange) patients into the high acuity category with routine (Green) patients as low 
acuity).[18] They ignored the urgent (Yellow) patients in their analysis. In their validation of 
the 2012 SATS paediatric revision, Twomey et al. stratified Emergency, Very Urgent and 
Urgent as high acuity with Routine representing low-acuity.[20] These stratifications can 
dramatically affect the results of a study. The need for a standard or novel way for assessing 
validation is needed when using over- and under-triage with surrogate markers. 
Other researchers have used the correlation of hospitalisation across triage acuities as a 
factor to validate triage scales.[11,33] However, no guidelines exist on how strong this 
correlation has to be before validity can be confirmed.    
SATS was validated in South Africa using both paper-based cases and surrogate marker 
methods.[20,21] Twomey et al. has suggested the use of reference vignettes to improve the 
ability to test validity in low-resource settings.[69] These would be vignettes that have gone 
through a consensus process and would be the reference gold standard for future studies. 
This would be an easy, cost-effective way to assess validity going forward. At the beginning 
of this thesis the reference vignettes only assessed adult cases and no standardised paediatric 




In this literature review, we explored the various triage scales available both in high- and low-
resource settings. We found that triage scales designed for use in high-resource settings were 
not appropriate for use in low-resource settings given their complex nature and the high skill 
level associated with their use. In low-resource settings, we found very few triage scales with 
only one addressing both adults and children. We found that the SATS was reliable and valid 
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in South Africa but found that information across a wide range of low-resource settings was 
missing. Assessing validity was a challenge in low-resource settings and there was a lack of 
standardised paediatric vignettes.  
As MSF was implementing the SATS across the different contexts in which it operates, the 
fundamental question that arose was; is the SATS a reliable and valid scale for use in low-
resource settings outside sub-Saharan Africa? 
  
 37 
Chapter 3: Implementation and 
accuracy of the South African Triage 
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Introduction to the topic 
 
Few triage scales exist for low-resource settings. As discussed in Chapter 2, the SATS was 
developed for use in ECs with limited resources. The SATS has been widely implemented in 
sub-Saharan settings but at the time of writing nothing was available in the literature about 
its implementation elsewhere.  
  
Motivation for conducting the study  
 
MSF has been working in Timergara since 2009 in collaboration with the Ministry of Health to 
help strengthen the EC. At the outset, no formal triage system existed, and with a very high 
emergency patient case-load and overstretched staff, critically ill patients were often missed 




This study aimed to describe the implementation of the SATS in a low-resource setting outside 




• Describe the implementation of the SATS in Timergara hospital 




• Implementation of the SATS in a low-resource, high conflict setting requires buy-in 
from all stakeholders involved (beyond just patients and healthcare workers) 
• The SATS can be used accurately in a low-resource setting 
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In this paper, we describe the implementation process by which triage and a triage tool were 
introduced in a low-resource setting. Previous studies of triage in such settings have not 
described implementation in any detail[54,70,78]; most focus on reliability and validity. While 
these are essential, implementation is an important element in the success of triage. 
Successful implementation of an intervention in a healthcare system is dependent upon 
active change management. ECs in low-resource settings have limited resources and 
experience constant patient pressure; change in this type of environment is difficult to 
manage. There are many different theories of change, including systemic change, 
organisational change and change management.[79] Learning from these theories of change, 
we present a framework that worked well in Northern Pakistan.  
 
The elements presented below have been borrowed from educational reform and theory of 
change.[80,81] We present and expand on three aspects that we found contributed to a 
successful implementation (Figure 6):  
 
• Broad stakeholder ownership, 
• Contextualisation, and 
• Continuous learning and communication. 
 





Figure 6: Elements for the successful implementation of triage 
 
 
Broad stakeholder ownership 
 
For the implementation of a system-based initiative to be successful, all stakeholders need to 
feel a sense of ownership of the process.[80] They not only need to be involved in the decision 
making process, but each stakeholder needs to also perceive the benefits of the system 
change. 
 
Managing multiple stakeholder interests is common in ECs across low-resource settings.[82] 
This holds true for triage too, with various stakeholders contributing to its success or 
otherwise. We identified each stakeholder, and mapped out the positive and negative 
consequences that they might perceive and face because of the change. Taking time to try to 
view the change through their eyes helped us to develop a suitable approach. Being open to 
constructive criticism and empowering stakeholders was critical to our engagement.  
 
Below we describe our engagement with each of the different stakeholder we identified. This 
is not meant to be an exhaustive list of all stakeholders for every setting, but we found it was 
comprehensive for Timergara Hospital. 
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Doctors and nurses 
 
In many settings a power dynamic exists between doctors and nurses.[1] Triage in low-
resource settings is commonly nurse driven.[54,83,84] The decisional power of nurses in the 
flow of patients can be a point of contention. The implementation team had to be open to 
listening and involving all healthcare workers in decisions. We presented the plan as a 
systemic change for the department. We avoided referring to it as a problem we were trying 
to fix. Once staff saw it as a system change they were less focussed on attributing blame for 
a problem. It allowed them to be open to change and to contribute ideas to the improvement. 
We had both doctors and nurses co-create ideas around the colour coded areas to manage 
the various acuity levels. We stressed the importance of teamwork and allowed the triage 
nurses to be the drivers of this initiative.  
 
We built a new triage room outside the hospital and closed off other entrances to incorporate 
complaints that healthcare workers were having about patients coming from all sides. This 
created a funnel to allow rapid triage and redirection of patients. Post implementation, we 
had a local doctor support the triage nurses. He would work through any conflicts between 
doctors and nurses then and there, consistently feeding back to all parties about lessons 
learned and small adjustments made to the system. Weekly feedback sessions to all staff 
allowed everyone to be kept in the loop with any changes.  
 
The view by staff that the triage process would introduce extra work, given that all patients 
would have to have their vital signs measured, was an area that had to be addressed. Pre-
implementation of the triage process, doctors would ordinarily 'eyeball' patients and decide 
where they should go. This sometimes led to serious cases being missed and unnecessary 
overload in the resuscitation room (Resus). We explained that the new flow should decrease 
congestion by redirecting and separating the emergency patients from the low-acuity 
patients. This would allow more efficient use of our limited resources and staff. We ran games 
and competitions with staff during training to demonstrate how fast triage could work once 
staff were familiar with the scale. Centralising and providing dedicated equipment for the 





Non-medical staff  
 
In our settings, we found that non-medical staff were often the first point of contact for many 
patients, with patients approaching the security and cleaning team more often than 
healthcare workers. We suspected that these non-medical staff are commonly overlooked 
stakeholders in low-resource settings. Indeed, few studies mention them in the 
implementation process.[74,85] Non-medical staff often never receive training on systems in 
the EC. Many did not understand why or how the flow of patients worked in a particular way 
but were expected to direct patients.  
 
We conducted basic 30-minute talks on what triage is and why it helps patients. We found 
that training non-medical staff in triage created a sense of ownership of the triage system. 
Additionally, these staff felt a sense of empowerment because of their ability to assist 
patients. Post-implementation, they became strong supporters of the system. 
 
Community and religious leaders 
 
Patients play a key role in the acceptance of any system, but understanding the community 
from which the patient comes, can facilitate patient acceptance. The Khyber Paktunkhwa area 
of Northern Pakistan is a conservative area. Religion plays a central role in the community. 
Religious leaders play a guiding role in all affairs of the community. A large portion of 
information attained by the community comes from religious leaders. We identified religious 
leaders as key opinion leaders (KOL) in the community. MSF regularly met these leaders to 
discuss different issues and in these meetings, we put Triage on the agenda. We explained 
the process and advantages of triage. We were very open about the fact that this was a new 
untested system that we wanted to implement, backed by research showing good results in 
other parts of the world. Respect for cultural norms was key for many leaders. Many wanted 
to improve the hospital for their community. Being open, honest and having respect for the 




Political leaders and management 
 
Timergara Hospital was a district level hospital and was under local political oversight. The 
political party decides the hospital manager. Some high party officials worked as nursing staff 
in the hospital. This placed more power with some nurses than the hospital manager. The 
resulting dynamic affected the power structure within the hospital. Only after understanding 





There are few triage scales designed for low-resource settings. The SATS was designed for the 
South African context but at the time of this study had not been implemented and assessed 
widely outside of South Africa. In Botswana, it had been adapted based on the needs faced 
locally, with good results. Building on the existing literature and contextualising the SATS 
would thus seem a feasible route.   
 
After acquiring buy-in from internal staff, we discussed previous attempts at system change. 
One strong sentiment that arose was the rejection of foreign systems. Many healthcare 
workers felt that these sorts of systems were often forced upon them without proper 
consultation and without the opportunity for feedback. Previous systems failed as they were 
perceived as foreign in nature with little room for contextualisation. To address this issue, we 
set about setting up a series of workshops to contextualise the SATS for Timergara Hospital. 
Taking on board staff suggestions, we took the following steps: 
 
• Translated the triage algorithms into the local language, 
• Incorporated common words used by patients when presenting to the EC, 
• Conducted SATS training in the local language (a local doctor was trained in the SATS, 
and he then in turn trained all the nurses), 
• Created posters explaining triage outside the triage room in the local language, 
• Developed paper leaflets about triage that we distributed to local mosques, and 
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• Created separate colour pathways and improved the dressing room. This suggestion 
helped the flow of yellow patients that presented with fractures or lacerations.   
 
Post-implementation, we listened to issues which arose in the triage room and we engaged 
with community leaders to address issues early on. One issue that arose was the way we 
triaged both male and females in the same room. The triage room had space for two patients 
and their respective care givers at any one time and in peak hours we would have two sets of 
triage nurses to improve patient flow. This meant that at any one time there could be a female 
and a male in the same room. We did not initially anticipate that this would be problematic 
given that patients are not required to undress during triage. However, when taking blood 
pressure or showing a wound, patients would be asked to expose either the arm or wound. 
This exposure in front of other patients of the opposite gender was frowned upon. After 
talking to the KOL, we realised that this was a point of unease for both the leaders and the 
patients. We explained the new setup of the triage room outside the hospital and asked for 
their insight into the new flow, incorporating small changes where possible. Before any 
solution was implemented we were careful to consider the solutions in accordance with 
medical ethics. Increasing harm or decreasing efficiency of care based on gender was 
unacceptable. We resolved the problem by separating the triage room into two by means of 
a curtain that provided privacy for each patient. We also separated the waiting areas for 
women and men to decrease mixing, which assimilated to the cultural norms. 
 
These adjustments helped create a sense of locality around the SATS for the staff. Creating a 
scale that was not forced upon them but owned and adapted by them for them.  
 
Continuous learning and feedback 
 
Communication has long been acknowledged as a fundamental element in the change 
process.[2] Over the three-month period post-implementation, we made sustained  efforts 
to maintain communication with all stakeholders. Any new nurses would be trained to use 
the SATS by the doctor in charge. Doctors and nurses were encouraged to communicate on 
any issues, and these issues were addressed immediately. Weekly feedback sessions between 
the doctor in charge and the staff ensured up-to-date information. Religious leaders were 
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regularly engaged with about any further issues. We would listen to any patient feedback via 
either the religious leaders, non-medical staff or patients themselves. We put structures in 
place to allow regular clinical audits of triage. We also continued to share all results and study 
publications with the team in Timergara and incorporated local staff into the study as co-
authors.  
 
Learning and feedback was made a continual and routine process and was never deemed to 
be a one-off event. Incorporating it into regular activities such as the daily meeting or monthly 




While little has been written about triage implementation in low-resource settings, we 
believe that the way in which triage is implemented is key in determining the success of the 
system. Important elements include taking time to engage with the necessary stakeholders 
in an appropriate manner, allowing for contextualisation of the SATS to improve ownership 
by local people, and maintaining communication channels during and post-implementation.  
 
After the successful implementation of the SATS in Northern Pakistan we set out to develop 










Chapter 4: Development of paediatric 
reference vignettes to assess triage 
scales in low-resource settings 
 
Reference 
Dalwai MK, Tayler-Smith K, Twomey M, Wallis L. Developing a reference standard for 
assessing paediatric triage scales in resource poor settings. AFJEM. DOI: 
10.1016/j.afjem.2015.08.002  
Declaration from author 
 
The following co-authors contributed to the paper:  
Mrs. Katie Tayler-Smith, Dr. Michele Twomey, Prof. Lee Wallis  
 
 
In the case of Chapter 4, the nature and extent of contribution by the authors was as follows: 
 
Nature of contribution 
 
MKD, MT and LW contributed to study conception and design; MKD and KTS facilitated the 
acquisition of data; MKD, MT, KTS and LW helped with the analysis and interpretation of the 
data; the initial version was drafted by MKD. KTS, MT and LW contributed to the redrafts and 
revised it critically for important intellectual content; all authors gave final approval on the 




Extent of contribution 
 
MKD: 80%; KTS: 10%; MT and LW together: 10% 
 





Declaration from Co-Authors  
 
The undersigned hereby certify that:  
1. The above declaration correctly reflects the nature and extent of the candidate’s 
contribution to this work, and the nature of the contribution of each of the co- 
authors.   
2. They meet the criteria for authorship in that they have participated in the conception, 
execution, or interpretation, of at least that part of the publication in their field of 
expertise;   
3. They take public responsibility for their part of the publication, except for the 
responsible author who accepts overall responsibility for the publication;   
4. There are no other authors of the publication according these criteria;   
5. Potential conflicts of interest have been disclosed to (a) granting bodies, (b) the editor 
or publisher of journals or other publications, and (c) the head of the  responsible 
academic unit; and   
6. The original data are stored in a two factor password protected cloud account and will 
be held for at least five years   
 
 








Mrs Katie Tayler-Smith     10 Jan 2018 
 54 
Introduction to the topic 
 
Assessing the effectiveness of triage scales in low-resource settings is not without its 
challenges. After implementation of the SATS in Chapter 3, we needed an easy way to assess 
reliability. There are a number of methods for assessing reliability and validity that we will be 
expanding on in Chapter 6 and Chapter 7, respectively. To assess reliability, one commonly 
used method is to ask nurses to triage paper-based vignettes. Some studies then have the 
paper-based vignettes triaged by experts and the acuity levels assigned by the experts taken 
as the gold standard to test for validity.  
  
Motivation for conducting the study  
 
In low-resource settings, it is not always possible to collect and create paper-based vignettes, 
given limited resources and expertise. Currently there are no freely available sets of pre-
validated paper-based paediatric reference vignettes for use in low-resource settings. 
Twomey et al. produced and made available a set of pre-validated adult vignettes; to date 
however, there has been no set for paediatric settings.[69] In Chapter 3, we described the 
successful implementation of the SATS. As the SATS is more widely used across diverse low-
resource settings than any other triage scale, it would be useful to create an easy way to 




This study aims to create a set of paediatric reference vignettes that can be used to test the 










• Context-specific reference vignettes can be developed to provide a cheap, effective, 
and feasible means by which to evaluate paediatric triage systems in low-resource 
settings. 
• This set of reference vignettes should only be used in settings that are similar in 






















Footnote: The article was published in AfJEM as the authors felt it was most applicable. AfJEM readership 
includes healthcare workers working in low-resource settings. Many are implementing or have implemented 



















Supplemental Discussion  
 
In the methods section of the paper above, we describe the Delphi process. In recent years, 
the Delphi method has been used frequently in emergency medicine to build adult triage 
vignettes, develop criteria for pre-hospital trauma care, and construct criteria for major 
incident trauma algorithms.[69,86–88] 
 
The Delphi methodology used in the paper above produced validated paper-based vignettes. 
We have touched on some of the limitations in the article above but will elaborate on lessons 
learnt after the creation and subsequent attempts to use the above vignettes. 
 
Validated triage vignettes can be used in two main ways for triage research:  
1. Assessing Reliability – Triage raters were asked to rate each vignette in a classroom 
setting. Inter-rater reliability can be calculated using ICC or QWK. Intra-rater reliability 
can be assessed using a subset of the same vignettes after a pre-defined time period. 
We explain this further in Chapter 6. 
2. Assessing Validity – The ratings of the triage raters obtained were compared to the 
‘true ratings’ (as defined by the Delphi process) of each vignette and over- and under-
triage were calculated. We elaborate on all methods of validity in Chapter 7. 
 
Validated vignettes provide researchers with an opportunity to assess both reliability and 
validity at one time, making the process both cost- and time-efficient. Adult vignettes have 
already been created; this study aimed to add to the pool, a set of paediatric vignettes 
(Appendix 6). 
 
Using vignettes to assess reliability 
 
When assessing reliability, many studies – both in low- and high-resource settings – use 
paper-based vignettes. Some studies in high-resource settings have used a research nurse to 
simultaneously assess the same patient directly after the triage nurse as a means to test 
reliability.[65,66] This is, however, expensive and impractical in low-resource settings. Paper-
based vignettes, although limited in their ability to convey audio-visual cues, are deemed by 
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most triage researchers to provide an acceptable indication of the patient’s 
acuity.[13,38,67,68]  
 
After development and implementation of the above paediatric clinical vignettes, a clear 
limitation became apparent. We found that their use was limited to similar settings only. In 
different settings, results could be inaccurate because the vignettes might not represent the 
actual case presentations seen that setting. Our suggestion therefore was that researchers 
only use the set of vignettes if the disease profiles, epidemiological patterns and clinical 
presentations seen in their setting, were similar to the those seen in the setting from which 
the vignettes were derived. This of course restricts the settings in which these vignettes can 
be used. In Chapter 6 we describe the reliability of the SATS in Sierra Leone. Unfortunately, 
given the high burden of malaria and a different disease profile of patients, we could not use 
the set of vignettes that we developed. Given this limitation, it was be sensible to create 
vignettes based on local presentations when assessing reliability. 
 
Using vignettes to assess validity 
 
When using vignettes solely for the purposes of reliability, studies almost never validate 
them. When using vignettes for validation, each vignette needs to have a ‘true acuity’ – that 
is, a defined triage level. The defined triage level is then used as a proxy gold standard against 
which a rater can be compared. If the raters triage the vignette the same as the gold standard, 
then the triage scale is said to have high validity. A degree of discrepancy is allowed with most 
studies quoting the ACS-COT indicators of up to 10% under-triage and up to 50% over-triage 
which has been revised to 25-35% over-triage and up to 5% under-triage in 2014.[76] To 
validate vignettes, studies usually use experts to create a 'gold standard'.[19,89] The 
composition of these experts/panels is a limitation that can affect the final triage acuity 
assigned to each vignette. Experts from high resource settings, or those with limited 
experience in low-resource settings, might offer different acuity levels than those in low-
resource settings. Using a Delphi method with its blinded responses and consensus building 
process facilitates the creation of a more robust set of vignettes. We recommend that when 
using paper-based vignettes as a tool for validation, a Delphi process should be followed to 
develop the gold standard.  
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Generalisability is a limitation for validation, as it is for reliability. Having locally relevant cases 
would decrease any bias that could be introduced. We suggest creating a broad range of 
disease specific paediatric vignettes from various settings using the Delphi methodology. 
Ensuring the panel consists of experts from the local settings or experts that have extensive 
experience in low-resource settings would be highly recommended. As different disease sets 
become available, researchers could choose the set that best fits their setting.  
 
An additional limitation when using vignettes for validation is the number of acuity levels. 
Triage scales range from three to five levels. Vignettes created for a three- or four-level 
system are not suitable for studies assessing scales with five levels. This further limits the 
ability to use vignettes for validation across various scales in low-resource settings. This is 




Initially, we set out to create an easy and cheap way to assess reliability in low-resource 
settings. This is the first attempt at developing paediatric clinical vignettes for such settings. 
The Delphi process proved to be a useful tool but has certain limitations. The creation of 
vignettes that can be applied across various settings remains a challenge. Further disease 
specific sets are needed to improve on this for varied settings.  
 
After describing the implementation of the SATS in Chapter 3 and having developed a set of 
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Introduction to the topic 
 
With all triage scales, reliability and validity are essential to test in the various hospitals of 
deployment. There are multiple ways of assessing both reliability and validity that will be 
expanded upon in Chapter 6 and 7, respectively.  
  
Motivation for conducting the study  
 
In Chapter 5 we described the successful implementation of the SATS in a low-resource 
setting. The study called for the further assessment of inter- and intra-rater reliability. The 
SATS was designed for use in the context of South Africa; few studies have examined its 
reliability outside of South Africa. Examination of the latter could help ascertain the feasibility 
of the SATS as a triage tool in settings outside of South Africa. 
Aim 
 
This study aims to investigate the inter- and intra-rater reliability and accuracy of the adult 
version of the SATS in a low-resource setting. 
Objectives 
 
• To test the inter- and intra-rater reliability of the SATS when used by emergency 
centre staff in a non-South African setting. 
• To determine the accuracy of the SATS using expert reference standard methodology 
in a non-South African setting. 
Main findings 
 
• Overall, the SATS demonstrated substantial inter-rater reliability and 87% intra-rater 
reliability in a rural hospital setting in Northern Pakistan.  
• The SATS was accurate in predicting true acuity for patients triaged as ‘green’, ‘yellow’ 
and ‘orange’, but not for patients triaged as ‘red’. 
• Assessing validity using paper-based vignettes had some limitations. 
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This study used a standard set of patient vignettes to assess reliability and accuracy of the 
SATS for the first time in a context outside of South Africa. Twomey et al. created the 
reference set of vignettes in order to standardise and simplify reliability testing of the SATS in 
low-resource settings.[69] Prior studies have used local patient presentations as a basis for 
vignette composition.[21,73] 
 
Two key learning areas came to light in relation to the use of these reference vignettes. These 
are discussed in the paper, but expanded upon further in this chapter.  
 
1. The reference vignettes used in this study were developed in South Africa and were based 
on commonly seen cases in South African ECs.[69] As such, they did not fully represent all the 
common EC cases seen in an EC in Northern Pakistan. For example, alcohol intoxication is 
frequently observed in many South African EC presentations. However, given the cultural 
setting of Northern Pakistan, alcohol intoxication is rarely seen and as such would have been 
an unfamiliar case presentation for the triage nurse, and thus potentially more difficult to 
interpret. We believe that in future studies of this nature it would be more beneficial to 
develop a set of vignettes based on local cases presenting to the EC over the previous months.   
    
2. Context-specific language and presenting complaints used to create the vignettes did not 
correspond to local case presentations. Even with specific translation, we found that 
particular meanings could be understood differently based on cultural interpretation of 
vocabulary when describing presenting complaints and their inherited definition. Moving 
forward we would suggest that vignettes are developed using terminology that is commonly 
used in each specific cultural setting.  






Chapter Conclusion  
 
The SATS demonstrated good reliability in the EC setting of Northern Pakistan. However, in 
the process of assessing the reliability and accuracy of the SATS in this setting, a much better 
understanding of the difficulties and limitations of trying to assess these particular measures 
was facilitated. This in itself helped us to devise more robust ways to assess the reliability of 
the SATS in Afghanistan, Sierra Leone and Haiti, thereafter (Chapter 6). One clear limitation is 
that of using standard reference vignettes versus vignettes based on local cases. We believe 
that given the limitations above, the use of local cases should improve the assessment of 
reliability. Our recommendation is therefore that local cases be used as a basis to create 
vignettes, with careful attention to the use of local vernacular when describing common 
presentations. Previous studies have used a similar method of ‘expert opinion’ when 
addressing accuracy, which in some studies they have referred to as validity.[72,73] In 
Chapter 7, we discuss this in further detail and suggest a modified approach when using 
outcome markers to assess validity.  
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Introduction to the topic 
 
The reliability of the SATS has yet to be tested across a range of low-resource settings. In 
triage, inter-rater reliability reflects the ability of a triage tool to yield the same result when 
used by different clinicians on the same patient. This is an important measure of the 
effectiveness of a triage scale. So too, its ability to yield the same result when used by the 
same clinician for the same patient over different time periods (intra-rater reliability).    
Motivation for conducting the study  
 
The SATS demonstrated good preliminary results when assessed in Northern Pakistan 
(Chapter 5) but the study called for further assessment of inter- and intra-rating reliability. 
We set out to measure the reliability of the SATS across multiple low-resource settings, in 
order to determine its feasibility in such settings. 
Aim 
 
The aim of this study was to investigate the inter- and intra-rater reliability of the adult version 
of the SATS across low-resource settings. 
Objectives 
 
• To test the inter- and intra-rater reliability of the SATS when used by emergency 
centre nurses in Afghanistan, Haiti and Sierra Leone. 
 
Main Findings  
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In the paper above, we report on the reliability of the adult version of the SATS in Afghanistan 
and Haiti only, excluding the reliability of Sierra Leone. Data collection for Chapters 6 and 7 
were done simultaneously but the validity results was reported and published first.  In the 
next chapter, Chapter 7, we describe the validity in Haiti, Afghanistan and Sierra Leone. In 
Chapter 7, validity was found to be acceptable in Haiti and Afghanistan, in the paediatric only 
setting of Sierra Leone it showed an unacceptable level of under-triage and was considered 
not valid, requiring further research. However, reliability alone is insufficient and considered 
alone without acceptable validity can lead to misinterpretation. Hence, given the poor validity 
we did not report on reliability of Sierra Leone in the paper above. There is very little 
published research on reliability of paediatric triage in low-resource settings and as such we 
see value in reporting the findings of our assessment in Sierra Leone and the lessons learnt in 
the section that follows. We caution that these results should not be used in supporting the 
use of SATS and is presented here only to share the lessons learnt from assessing reliability in 
a low-resource paediatric setting.  
 
The study was conducted in the region of Gondoma, Sierra Leone. We summarise the 
characteristics of the study site below (Table 1). Reliability was assessed as described in the 
paper above. In 2013, under a classroom setting, nurses involved in triage were asked to rate 
vignettes based on local EC presentations. Inter-rater reliability was calculated and reported 
in line with the GRRAS.[57] Intra-rater reliability could not be assessed due to a Lassa fever 
outbreak and the nursing staff being unavailable for further participation in the study. We 
invited a total of 18 nurses to participate in the study. Of these, 16 agreed and completed the 









 Gondoma Referral Centre 
Country Sierra Leone 
Specific location 
Southern Province, 250km from 
the capital city 
Catchment population 300,000 
Level of MSF support MSF paediatric only hospital 
Services offered 
EC, ICU, IPD, Maternity, 
Malnutrition, Lassa fever care 
Type of EC cases Paediatric only 
Size of EC 6 beds 
EC caseload 600 
Introduction of the SATS 2012 
 
Table 1: Characteristics of study site in Sierra Leone 
EC: Emergency Centre; ICU: Intensive Care Unit; IPD: In-Patient Department; MSF: Médecins Sans Frontières; 
SATS: South African Triage Scale  
 
 
Results: In Sierra Leone, in a paediatric only EC, the 2008 paediatric version of the SATS 
demonstrated substantial reliability.  Point estimates for ICC, QWK, LWK and UWK, including 










Inter-rater reliability measures Gondoma Referral Centre 
Point estimates (95% CI) 
      Intra-class correlation coefficient 
      Quadratically weighted    
      Linearly weighted 








Level of agreement* 
      Intra-class correlation coefficient 





Table 2: Inter-rater reliability measures for the South African Triage Scale when used in 
Gondoma referral centre, Sierra Leone, 2013 
CI: Confidence interval; *According to the Landis and Koch criteria[57] 
 
 
In Chapter 4, we showed the developed set of paediatric vignettes using the Delphi 
methodology. We created this set of vignettes to try to provide a standardised and easier way 
to assess the reliability of triage scales in low-resource settings. This set of vignettes was 
developed using paediatric cases in South Africa. In Sierra Leone, our initial attempts to assess 
the reliability of the SATS used this set of vignettes.  However, while assessing the validity of 
the SATS in the same setting, we realised that the types of cases presenting at Gondoma 
Referral Centre (GRC) in Sierra Leone were markedly different from those in the reference set 
of vignettes. Malaria is endemic in Sierra Leone but is not common within the SA context; as 
such, none of the paediatric reference vignettes dealt with a malarial case. For the vignettes 
to assess the local use of the scale, they need to represent at least some of the common 
presentations. To solve this problem, we created paper-based vignettes based on local cases 
from the EC at Gondoma. Lack of contextualisation in the paediatric reference vignettes was 
a limitation highlighted in Chapter 4, and prudence by other researchers should be noted in 
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relation to the use of standardised, non-contextualised sets of vignettes that are not disease 
specific.    
 
In Chapter 5 we used a set of 42 sample vignettes developed by Twomey et al.[69] Given the 
time and cost constraints in Afghanistan, Sierra Leone and Haiti we had to reduce this number 





We set out to assess the reliability of the SATS in low-resource settings. Across our study sites, 
the SATS demonstrated moderate to substantial inter- and intra-rater reliability. A secondary 
finding relating to our methodology, was that in general, paper-based vignettes that are 
locally applicable seem to be a more appropriate methodology in low-resource settings. This 
is the largest study to date examining the reliability of the SATS in low-resource settings, and 
our findings corroborate the findings of studies conducted on SATS in Botswana, Ghana and 
South Africa.[54,59,90,91] The results of the research support the idea that the SATS is a 
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Introduction to the topic 
 
Validity testing is essential in the development and implementation of triage scales as it 
allows us to ascertain whether the scale in question accurately prioritises patients according 
to their true urgency for care (i.e., acuity level). The main challenge around such testing is the 
absence of a gold standard, i.e., a robust method that accurately measures what triage is 
intended to do. Different authors have measured validity in a variety of ways.[22] In recent 
studies, validity has been measured in two different ways: surrogate markers and expert 
opinion.[20,89] Expert opinion correlates triage acuity assigned by staff to an expert opinion. 
Surrogate markers correlate triage acuity with an expected outcome such as admission, 
death, length of stay or resource utilisation. The limitation of this approach is that the use of 
surrogate markers relies on proper record keeping and a baseline standard of care; in low-
resource settings both are often lacking. Using MSF resources, we have ensured standardised 
record keeping and clinical care across multiple sites, thus enabling us to use surrogate 
markers such as hospital admission, discharge, referral and death as a proxy for true patient 
acuity. 
 
Motivation for conducting the study  
 
In Chapter 6 we reported on the reliability of the SATS in various hospital settings across 
different LMICs. In addition to reliability, establishing the validity of the SATS is just as 
important. The SATS has undergone extensive evaluations in South Africa, but its 
performance across a spectrum of different LMIC settings, particularly non-sub-Saharan 
African and trauma-only settings, has not been adequately tested. Such information could 










• To determine the validity of the SATS using EC outcomes (e.g., discharge, hospital 




• The SATS is a valid tool for use across trauma settings in low-resource settings. 
• The SATS demonstrates mixed validity results for medical and mixed medical settings 
and as such context specific assessments would seem warranted. 
• The SATS under-triaged a high proportion of paediatric cases, many of whom had 
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Three types of validity are commonly mentioned in the literature: criterion, content and 
construct.[58] In their book however, Streiner and colleagues argue that the terms construct, 
criterion and content validity should try to be avoided as they cause confusion and 
unnecessary debate. The authors postulate that all forms of validity encompass the idea of 
construct validity and that researchers assessing validity should therefore just make sure that 
they describe which construct is used in their studies.[56] 
 
As mentioned in Chapter 2, in triage validity research, given the lack of an agreeable gold 
standard, two methods are commonly accepted: 
1. Use of expert opinion. Paper-based vignettes are most commonly used however some 
studies have used real-time simultaneous side-by-side triage with an expert.  With 
simulated paper-based cases, the vignettes are assessed by ‘triage experts’ and assigned a 
rating (i.e., the expert gold standard). Thereafter, triage officers independently triage the 
vignettes under classroom conditions. The officers’ ratings are then compared to the expert 
gold standard, and measures of accuracy (i.e., over-triage and under-triage) are calculated.  
 
2. Use of EC outcomes as surrogate markers for patient acuity: hospital admission, mortality, 
length of hospital stay and resource utilisation are commonly used as predictive markers for 
true patient acuity. The assumption is that patients with a high triage acuity are more likely 
to be admitted to hospital, more likely to die, more likely to have a longer hospital stay and 
more likely to require greater resources than patients with lower triage acuities.  
 
 
None of the available methods is deemed to be superior but each method has its strengths 
and weaknesses. In LMICs, paper-based vignettes are more commonly used because they are 
cost-effective, time-efficient, and simple to use and assess.[69,89,92,93] This methodology 
has some inherent limitations however. First, in most studies, paper-based vignettes are used 
rather than real-time patient cases. As such, triage nurses are not privy to the non-verbal cues 
that they would ordinarily receive from real patients, and in addition they are unable to probe 
further with questions to the patient. In a study by Rutschmann et al., use of a digital triage 
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simulator of vignettes (that included patient images and allowed triage nurses to ask 
questions) improved triage accuracy compared to triage accuracy using paper-based 
vignettes alone.[94] The authors suggested that vignettes could be further enhanced by 
adding short videos to each. This may mitigate some of the limitations around using paper 
based vignettes, but does not address the fact that vignette composition and construction 
are reliant on the study authors and as such are unstandardised. Twomey et al. have 
suggested using the Delphi methodology to create standardised vignettes for use across 
LMICs, but this methodology also has its limitations as we have discussed in Chapter 5. 
 
Another limitation with the vignette methodology, is around the interpretation of the results 
and understanding whether discrepancies between nurse triage ratings and the expert panel 
ratings arise because there is an inherent problem with the triage scale itself or because the 
nurses are incorrectly triaging patients. We have discussed this problem in more detail in 
Chapter 5.   
 
An additional limitation when using vignettes for validation is the number of acuity levels. 
Triage scales range from three to five levels. Vignettes created for a three- or four-level 
system are not able to be used to validate scales with five levels. This further limits the ability 
to use vignettes for validation across various scales in low-resource settings.  
 
The strengths and limitations of using surrogate markers in validity studies have been 
discussed in detail in the paper above. We believe that many of the associated limitations 
were mitigated as far as possible by virtue of the way in which MSF-supported facilities are 
equipped and run. An additional limitation however, is around the lack of standardisation that 
exists with regards the grouping of triage acuity levels from one validity study to another. 
Some studies categorise 'red' and 'orange' patients as high-priority, while 'green' patients are 
categorised as low-priority, completely ignoring ‘yellow’ patients;[18,84] other studies group 
'red', ‘orange’ and ‘yellow’ patients as high-priority, and 'green' patients as low-priority.[20] 
These different groupings prevent comparability of study results and directly affect measures 
of over- and under-triage. They also make assumptions about the EC outcomes of ‘yellow’ 
and ‘orange’ patients that are questionable.  
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We have suggested a grouping system that tries to apply more rational assumptions about 
predicted EC outcomes linked to triage acuity level. Our system classifies ‘red’ patients as 
high-priority and ‘green patients’ as low-priority; it applies no rigid EC outcome predictions to 
‘yellow’ and ‘orange’ patients who are neither low- nor high-priority but somewhere in 
between. To assess these middle triage acuities, we apply the logic that when moving from a 
low- to middle- to high-triage acuity, one should observe an increasing trend in hospital 
admission, death, resource utilisation or length of stay. Not only does the latter allow for the 
less predictable nature of middle acuity levels, but it can be used for triage scales that have 
three, four or five levels. What we are unable to elaborate on is how steep an increasing trend 
in any one of these EC outcomes should be with respect to the relative validity of a triage 
scale. To date, there are no published data on this; further development of this concept thus 
seems warranted. Having a standard framework that sets out the relative increases in EC 
outcomes across acuities linked to degrees of validity, would be similar to the triage weighted 
kappa proposed by Wulp et al. and applied when comparing triage officer rating with expert 
panel member ratings.  
 
With increasing digitisation of health records and the increased use of mobile technology for 
collecting data in LMICs, we believe that the use of surrogate markers will become a simpler 
and more reliable way to test validity going forwards.  
 
This study demonstrates the importance of making validity testing an on-going practice, 
especially in the various settings where the SATS is deployed. Defining a scale as merely valid 
or invalid is insufficient; the validity of a scale needs to be described relative to the specific 
context and population that it is being used in/for (the assumption being that validity results 
can reasonably be extrapolated to similar settings or populations). Our findings at GRC also 
highlight that the different disease burdens of a specific region/country might require the 
incorporation of additional discriminators in a scale. Thereafter, validity testing must be 
carried out again.  
 
Another point of note is that in all the countries we studied, the 2010 version of the SATS was 
implemented. There is now a newer 2012 version available for implementation and when this 
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new version is implemented, it will be essential to repeat the validation studies and review 




For the context of LMICs, we have introduced a new and seemingly more logical approach to 






















Chapter 8: Discussion 
 
Triage is an essential element in emergency care systems for low -settings. This thesis 
presents a series of papers looking at the reliability and validity of the SATS in an MSF context, 
across a variety of low-resource settings. The discussion that follows highlights major themes 
from each chapter and presents new literature that has been published during the course of 
the thesis.  
 
In Chapter 3 we addressed implementation of SATS in a low-resource setting, highlighting 
lessons learned. The chapter considered the broader context in which triage scales should be 
implemented and focused on key stakeholder groups. There is little research around 
implementation of triage in low-resource settings.[78] However, a recent study in Rwanda 
found that when implementing the ETAT plus, getting broader stakeholder support was an 
important factor, consistent with our findings.[46] In this thesis we found an important group 
to be the non-medical stakeholders, including cleaners and security guards. This has led to 
the inclusion of cleaners and security guard as a key group to train in MSF’s internal guidelines 
for triage training. 
 
Independent of this thesis, the SATS has been implemented across multiple settings, including 
additional sites in Botswana, Haiti, Sierra Leone and Somaliland.[78,84,91,95] While the 
implementation was not robustly studied, successful implementation is further evidence that 
SATS is a suitable tool for emergency care in low-resource settings. 
  
In Chapter 4, the thesis sought to provide a set of paediatric reference vignettes that were 
previously identified as a gap in the literature. We describe the creation of the reference 
vignettes via the Delphi method, but warned against the utility of these vignettes in dissimilar 
contexts. Standard reference vignettes are not without their limitations, as we describe in 
Chapter 5; however, in low-resource settings they would improve the ease of assessing 
validity of triage scales given the poor record keeping and non-standardised care identified 
by Twomey et al.[69] For the reference vignettes to be widely utilised, cases would need to 
be similar to a variety of settings. Currently, the reference paediatric vignettes that we 
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created, and the adult vignettes produced by Twomey et al., do not represent a broad enough 
range of presentations to be used widely across low-resource settings. The major limitation 
is that the vignettes are based on South African ECs and only cover disease profiles found in 
this context. If a wide range of disease specific vignettes were collected and validated, this 
would allow researchers to identify common diseases in their location and use only the 
appropriate vignettes. In keeping with the findings of this chapter and Chapter 5, we used 
vignettes based on locally presenting patients for further testing of reliability in Chapter 6.  
  
Chapter 5 sought to use adult reference vignettes as a way of validation. This was the first 
time it was attempted outside of South Africa, and although we could assess reliability from 
the reference vignettes, validity testing had its limitations. There is no clear gold standard 
when trying to validate triage scales, and Akira et al. have argued that using criterion validity 
is a better way to assess validity than surrogate markers, which are a form of construct 
validity.[96] They argue that the aim of triage validation is to ensure the scale can identify 
true urgency of the patient and that the use of criterion validity (expert opinion using paper-
based vignettes) is superior for this. As discussed in Chapter 2 based on Streiner et al., we 
have moved away from this type of classification.[56] In Chapter 5 we identified an inherent 
difficulty when interpreting results while using paper-based vignettes in validation: that it is 
difficult to assess whether the triage scale itself is not valid, or whether nurses could not 
correctly apply the scale. Using the results of our study we recommended the use of surrogate 
markers as a way of validation. This is in line with results from systematic reviews on triage 
scales in high-resource settings, which show that outcome markers are the most common 
method used as a validation technique.[27,31,96] We based this recommendation on the 
realities on the ground which included good record keeping available in MSF supported 
structures, and a standard package of care. We recognise that this might not be the same for 
all low-resource settings.  
 
In Chapter 6 we assessed reliability in multiple low-resource settings. Learning from the 
lessons in Chapters 4 and 5, reliability was assessed using locally created paper-based 
vignettes across Haiti and Afghanistan. Using research nurses to triage the same patient in 
parallel (as some studies do) is impractical and expensive in low-resource settings.[65] We 
believe paper-based vignettes – based on local presentations – serve as the most appropriate 
 108 
way to assess reliability in such settings. Across the four sites, ICC was 0.50, 0.58, 0.59 and 
0.60, representing moderate agreement. A systematic review by Farrohknia et al. of high-
resource settings showed a varying range of kappa from 0.2-0.9.[6] Our results show three 
out of the four sites having near identical and consistent reliability despite the diverse 
settings. This could suggest the ease of use of the SATS and the potential for varying human 
resources to reliably apply it. Our reliability findings are similar to subsequent SATS research 
in Ghana, which also found an inter-rater reliability of 0.59-0.60.[90] The results bring up an 
important question: when considering reliability, when is a triage scale reliable enough?  
 
Landis and Koch, Cicchetti and Sparrow and Fleiss have all proposed criteria to measure the 
magnitude of kappa (Table 3).[56,62,63] 
 
Kappa Landis and Koch Cicchetti and 
Sparrow 
Fleiss 
 0 Poor 
Poor Poor 0.00-0.20 Slight 
0.21-0.40 Fair 
0.41-0.60 Moderate Fair 





0.81-1.00 Almost perfect 
 
Table 3: Various published criteria for kappa[55] in triage studies 
 
It has been suggested that any value less than 0.60 should not be bothered with.[56] Yet in 
low-resource settings, reliability is poorly studied and higher performance is not commonly 
achieved.[89,97,98] Reliability allows us to get the same results from different raters or the 
same rater at a different time. Triage should be the same irrespective of who is administering 
the scale. However, in low-resource settings it is difficult to practically say where our cut-off 
should be. Given the resource constraints and limited human resource skill available in low-
resource settings, is moderate reliability good enough? Would having similar results between 
raters some of the time be better than not having triage at all? Literature on ETAT has not 
reported an overall kappa value and includes kappa for either only emergency cases or a 
certain set of signs.[45,99] One-two Triage (OTT) has been deemed a reliable tool for low-
resource settings yet has reported a kappa of only 0.308.[89] SATS so far is the only adult and 
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paediatric triage scale that has been deployed widely in low-resource settings and shown 
consistent reliability: it has shown reliability of 0.76 for emergency physicians and 0.66 for 
nurses in South Africa.[59] In this thesis, the majority of results were around 0.60, which is 
similar to findings in Ghana.[90] Sierra Leone, Botswana and Pakistan have all reported high 
SATS reliability with values of 0.877, 0.87 and 0.77 respectfully.[70,71,95] This could suggest 
that SATS is a reliable tool but the nurses administrating it need more training where the scale 
has values less than 0.60. 
 
Reliability is not a static value or an inherent value of a scale and is directly linked to the 
interaction of the raters and the population to which one wants to apply the measure. This 
means that the coefficient only has meaning to a specific population.[56] As we continue to 
use the SATS in various settings, it would be important to consistently assess reliability and 
validity of the scale for each specific population. In low-resource settings it would mean 
finding easier ways to do this, either with standardised vignettes, robust data collection tools 
or even electronic mobile data collection. 
 
In Chapter 7 we applied the lessons from Chapter 5 and assessed validity using outcome 
measures. We applied this across Haiti, Afghanistan and Sierra Leone. We saw a correlation 
across all sites that led higher acuity patients to have higher rates of admission. Our findings 
confirm that SATS is valid in trauma only settings and could be used in mixed medical and 
trauma settings. Our findings, however, suggest that in paediatric only settings further 
revision and research is needed to validate SATS. The results found in the paediatric setting 
of Sierra Leone could be due to the use of the 2008 version of the SATS. This version was 
revised in 2012 to improve the use of the SATS specifically in paediatric settings and 
incorporated key elements of ETAT.[20] It would seem prudent going forward to implement 
the newer version of SATS and conduct validity assessments using the new scale. The 
interpretation of validity when using surrogate markers also needs to be standardised going 
forward. We have suggested a novel way to do this taking into account over- and under-triage 





New revisions and other triage scales for low-resource settings 
 
At the beginning of this thesis the SATS was the only validated triage scale for adults and 
children in low-resource settings. MSF has been using the 2008 revision of the SATS and this 
version has been the basis of this thesis. In 2012, SATS released a new update which includes 
a revision of the paediatric scale which combines elements of ETAT and SATS. MSF has yet to 
implement the 2012 version of SATS in any of the hospitals in which it works. 
 
As discussed in the literature review, only two other scales were found specifically for low-
resource settings. ETAT has not released an adult or even older child version, and is still only 
available for children under five years of age. This limits it from being used as a triage scale in 
low-resource settings. The KTS showed poor sensitivity and was seen to be limited in its use 
as a triage scale.[49] Further studies in Malawi showed that that the KTS was not a strong 
enough predictor of outcomes to merit its use as a triage scale.[97] Another study suggested 
it should only be used after a physician has seen a patient as a re-triage method given the 
poor ability to predict hospital admission.[100] This use case is impractical given the short 
supply of physicians in low-resource settings.[101] There have been some attempts to use 
the MTS and ESI in low-resource settings with mixed results. The MTS was used in Brazil and 
showed an ability to predict severity of patients.[98] The ESI has been implemented in Iran 
but the authors concluded that it might not have optimal outcomes for low-resource 
settings.[102] 
 
New triage scales for low-resource settings 
 
Two new triage scales of note were found since the beginning of this thesis. Sick Children 
Require Emergency Evaluation Now (SCREEN) was designed in South Africa for paediatric 
clinic settings.[103] It focussed on a set of questions to be carried out by lay queue marshals 
to identify sick children as they came into the clinic. This scale was shown to have good 
reliability and to decrease waiting time for sick children in the South African setting.[104] 
Again this new scale was focused only on children, and in a Primary Care clinic setting, and as 
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such is limited as a triage scale in a hospital setting. It has currently only been validated in 
South Africa and would require further validation before wider use.[103] 
 
OTT is a novel scale designed and implemented across multiple hospitals in Cambodia since 
2013.[89] It has the advantage of needing only heart rate and blood oxygen saturation instead 
of full vital signs; however, it has shown unacceptably high levels of under-triage and only fair 
reliability with a Fleiss kappa of 0.308. Its use more widely will need further studies to ensure 
patient safety. 
 
In early 2017 the WHO convened a consensus group of experts with a view of developing a 
triage scale for hospital settings in low-resource settings. It was agreed to be based on the 
SATS 2012 version and integrate elements of ETAT for quick identification of high acuity 
patients. The tool will consist of two charts that cover both adults (12 years of age and older) 
and children (under 12 years of age). It will consist of three levels – Red, Yellow and Green 
(with another colour for dead on arrival).  
 
A unique property of the tool will be the capacity to be converted into a four-level scale for 
settings with higher resources. To be converted into a four-level scale, certain discriminators 
from both the Red and Yellow levels are amalgamated to create an Orange level. Currently 
this scale is in its pilot phase, and WHO is aiming to launch it in 2018. Once launched, it would 


















Triage is an essential component of ECS in low-resource settings, aiming to allow limited 
emergency care resources to be deployed to the maximum benefit. While multiple triage 
scales exist, SATS is one of very few that have been designed specifically for low-resource 
settings and that can be used in both adults and children.  
 
Triage scales are most commonly assessed through reliability and validity. Before this thesis, 
there was little published on the reliability and validity of SATS – or indeed most triage tools 
– across multiple low-resource settings. 
 
The 2011, MSF implementation of the SATS in their emergency centres allowed for this more 
in-depth assessment of SATS. Through this thesis we have shown: 
• how to implement the SATS in a low-resource MSF facility – broad stakeholder 
engagement for cultural considerations is critical; 
• that a set of standardised paediatric reference vignettes can improve reliability 
testing, although they have to be locally contextualised to be properly meaningful; 
• that SATS has moderate to substantial reliability across five MSF sites in three 
countries; and 
• that SATS is valid across five sites in three countries, in both trauma-only and mixed 
medical and trauma emergency settings, but that it’s validity in paediatric only 
settings needs further work. 
 
In addition, we have suggested a novel way to report validity when using surrogate markers 
in low-resource settings. 
 
Our findings have added substantially to the body of evidence around SATS, which is a suitable 





Recommendations for MSF  
 
• While our work demonstrated good results for SATS, it used the 2008 version, the 
2012 version of SATS is significantly easier to use, and preliminary studies suggest it 
has similar test performance characteristics.  
o We recommend the implementation and studying of the 2012 version of SATS 
across MSF settings.  
• Continuous learning is a key part of system change. To maintain the quality of triage 
in the various settings it is vital to have people able to train in the local language.  
o We recommend a train the trainer certification program for nursing and EC 
managers.   
• Regular audits and validity assessments are recommended by the SATS group.  Having 
robust data collection allows this to easily occur.  
o We recommend the implementation of a standard data collection tool across 
all MSF ECs, including triage acuity and outcomes. 
 
Recommendations for further research 
 
• This thesis provides further evidence that SATS is a reliable and valid triage scale 
across various low-resource settings. However, the settings in this thesis do not cover 
every context. 
o We recommend continuous reliability and validity studies as SATS is rolled out 
further, to ensure patient safety.  
• We identified challenges with both acceptable levels of reliability and context- and 
disease-appropriate vignettes for triage scales.  
o We recommend studies to identify acceptable reliability levels in low-resource 
settings. 
o We recommend the development of a set of disease specific vignettes to 
ensure easy reliability testing across diverse low-resource settings. 
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• In Chapter 7 we proposed a novel approach for validation when using surrogate 
markers. Having the ability to standardise the validation process would help future 
research to compare across settings.  
o We recommend further studies assessing the acceptable proportion of 
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Paediatric Vignettes that achieved >80% consensus 
Emergency = 4 Needs to be seen immediately 
1. A panicked mother runs into the triage area with a floppy child in her arms. She is screaming that her child cannot breath. The 
child is 2 years old and has abnormal breathing sounds. It sounds like he is grunting.   You look at his tongue and it looks bluish. 
He has chest in drawing and has nasal flaring.   Vital Signs: RR 41, HR 111 and a temp of 37. 
2. A 6-month-old boy presents with difficulty in breathing. His mother says he has been sick since last night. At triage you find 
he has rapid shallow breathing with in drawing of chest. He is grunting and looks unwell. He is still alert when you examine him.  
Vital Signs: RR, 56 HR, 200 and a temp of 40. 
3. A mother complains that her 4-year-old son has a rash. He developed it over the last 2 days.  At triage you find a rash that is 
non blanching and non painful. It looks like bruises under the skin. The child is drowsy and lying still in his mothers arms.   Vital 
Signs: RR 19, HR 95, Temp 36.9 
4. A mother says her 4 year old is having a very high fever for the last 3 days. No coughing or vomiting just a high fever.  At 
triage you find the patient is weak and disorientated. He doesn’t respond to you when you call his name and had to be brought 
into the ER on a stretcher. He is breathing quietly and slowly.  Vital Signs: RR 20, HR 137, Temp 38.9  
  
Very Urgent = 8 Needs to be seen within 10mins 
1. A first time mother is worried and brings in her 4 day old newborn because he is yellow. He has been yellow since birth. On 
examination you find a yellow child, he is still drinking, but seems sleepy. No other problems found.  Vitals Signs: RR 52, 
HR163, Temp 36.6 
2. A 3 years old is brought in by her aunt. The child was at school but had to leave early because she was having very bad 
stomach cramps. The aunt also noticed that her niece was very hot and is feeling nauseous.  The child looks to be in severe pain 
and not looking very happy (7/10). She is not having any diarrhoea but says her whole stomach is paining.   Vital Signs: RR46, 
HR 157, Temp 38.9 
3. A grandmother brings her 6-month-old granddaughter into the hospital. The grandmother complains that the child is vomiting 
and having a lot of loose stools for 3 days now. She says that she is not drinking anything anymore.  The child looks weak but 
reacts when you call her name. She has sunken eyes and her mouth looks very dry. Her hands are warm but her pulse is weak and 
thready.  Vital Signs: RR 36, HR 146, Temp 36,5 
4. A mother brings her 10-month-old child to the triage area. She gives the history that he has been coughing, vomiting and had a 
fever since yesterday.  You observe that the child is active, with no signs of dehydration. He is breathing fast and has mild 
intercostal recession.  RR, 52 HR 195, Temp 38.8 
5. A 3-year-old presents with coughing for the last 3 days. His mother says that you must please give him something for his cold 
so she can go back to work.  At triage you find a child with a nose full of snot, he is breathing fast and has both intercostal and 
subcostal recession.   Vital Signs: RR 59, HR 152, and Temp 38. 
6. A 6-week-old girl known with TB, currently on TB meds is brought in by her grandmother. She has been yellow for the last 
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(0/10) or obstructing her sight and she can still open and close her eye.    Vital Signs: RR 48, HR 145, temp 36.2  
6. An 8-year-old girl walks into the Emergency department with her mother, complaining of constipation for the last 4 days. She 
is not vomiting and doesn’t have any pain (0/10).  At triage you don’t find anything significant.  Vital Signs: RR26, HR 76, temp 
36.9 
7. A 3-month-old boy presents with a lump on his forehead, his aunt says he fell on his head yesterday. According to the aunt his 
older brother pushed him off a chair.   At triage you find an active child. You see a small lump on his forehead but you are not 
sure what it is. The child has minimal pain (2/10).   Vital Signs: RR 42, HR 166, Temp 37.1  
8. A 2 yrs. old girl, brought in for a follow up visit. She presented last month and was treated for Severe acute malnutrition. Her 
mother says she is doing much better. She says she is eating much better now and has more energy than before. On examination 
she looks better than when you last saw her, but is still very small. She has no oedema present.   Vital Signs: RR 18, HR 127, 
temp 37 
9. A granny brings in her grandchild complaining of constipation. She informs you that he hasn’t passed stool for 2 days. At 
triage you find a 1-year-old child. He wakes up when you start taking his vital signs. He appears well and you assess that he has 
no pain currently (0/10) Vital Signs: RR 29, HR 149, Temp 37,8 
10. An active child is brought in by his mother; she complains that he has a rash. It has been there since birth and is itchy. He is 
now 14months old.  There are no other problems. The skin is not broken with any sores present. It is dry and looks shiny.   Vital 
Signs: RR, 32 HR, 122 and Temp 36.6 
11. A mother complains that her 3 year old has been coughing and having a fever since yesterday. He is eating well and has no 
other problems.  At triage you find a chubby 3 years old, playing on his mothers lap. No signs of respiratory distress seen at 
triage.  Vital Signs: RR 20, HR 123, Temp 35,2 
12. A 5 yrs. old patient known with diabetes presents to the EC, he father says he is having flu. The child’s nose is running and he 
has had a cough for the last day.   At Triage you find a thin 5 yrs. old with a runny nose. No respiratory distress seen. His glucose 
is within normal range.  Vital Signs: RR 20 HR 80 Temp 36 
13. A 18-month-old boy is brought in by his mother, she complains that he has been vomiting since yesterday and not eating as he 
normally does. There has been no blood in the vomit and no diarrhoea. He is still drinking fluids. At triage you find an active and 
playful child, there are no signs of dehydration that you can see.  Vital Signs RR, 30 HR, 129 and Temp 36. 
14. A 9-month-old girl is brought in by her mother, she reports that the girl cries whenever she passes stool, there is no reported 
blood or diarrhoea present. At triage you find a playful child who looks well. She has no sunken eyes and her skin pinch is 
normal.  Vital Signs: RR36, HR, 131 and Temp 36,2 
15. A 9 years old comes in complaining of itchy eyes for the last week. She says it started after she went to a flower show. At 
triage you find a healthy looking girl, with slightly red eyes.   Vital Signs: RR 20, HR 100, Temp 36.5  
16. A mother brings in her 1-year-old child who has diarrhoea and vomiting for the last day. He is happily drinking a cool drink 




when you play with him. He starts to cry when you come close but has no pain now.   Vital Signs: RR 36, HR 132, Temp 38,9  
9. A mother runs into the emergency department with her 3-year-old child and says that he was fitting at home. His whole body 
was shaking and she was worried that he was going to die. This was about 2 hours ago, transport was a problem and they only 
arrived now.  At triage you find a reactive child who is playing with the BP cuff. He is now alert and has no other signs that you 
can see.  Vital Signs: RR 36 HR 130, Temp 37,7 
10. An 11-year-old girl comes in and complains that she stood on a piece of glass. She cannot walk properly because of the pain. 
You assess it to be moderate (5/10) She has a bandage around her foot and its full of blood. It is slowly bleeding through the 
bandage. She keeps telling you how painful it is and how she can’t dance now that she hurt her foot.  Vital Signs: RR 16, HR 54, 
Temp 36.9 
11. A tired frustrated mother comes to the Emergency department and complains that her baby won’t stop crying. She has tried 
everything but nothing helps. This is her first child and is 2months old.  On examination the baby is crying and even after 
soothing, continues to cry. It’s difficult for you to assess anything with all the crying.  Her vital signs are RR 46, HR 162 and 
temp 36,7 
12. A mother brings her 2 year old in with a fever and cough for the last week. The mother tells you how the child got wet in the 
rain the week before and that’s why she is sick now.  At triage you find a generally healthy looking child who is playing with her 
mothers bag. You don’t see any signs of respiratory distress.   Vital Signs: RR 32, HR 132, Temp 39.2 
 
  
Routine = 16 Needs to be seen within 240mins 
(4hours) 
1. A mother brings a well looking 9-month-old child to the triage area; she says the babies’ eyes are very red. She reports that the 
child hasn’t been eating well since yesterday.  The mother tried to wash the eyes with water but it just made it worse. The child 
currently has no pain (0/10).   At Triage you find a child with red eyes, no other signs seen.  Vital Signs:  RR 32, HR 160, temp 
37.1 
2. A 9-year-old girl vomits on your shoe as you walk into the waiting room. Her mother says she has been vomiting since last 
night.   The patient walks into your triage area and looks tired. She is irritable and moody. You find no sunken eyes or dry 
mucous membranes and a normal skin pinch. She does not have pain currently.  Vital Signs: RR 26, HR 126, Temp 37,3 
3. A distressed mother brings in a 3-year-old child and says she is very worried, he has just swallowed 50 ml of calamine/(anti 
itch) solution. He swallowed this about 4 hours ago but they couldn’t get here sooner because of transport issues.  At triage you 
find a normal child with no signs of distress. The child has no pain now (0/10).   Vital Signs: RR 26, HR 124, Temp 37.3  
4. A mother brings in her 9-month-old baby and complains that she has been having diarrhoea for the last 2 days. She reports no 
vomiting and no blood seen in the diarrhoea.  On examination you find a healthy looking child with slightly dry mucus 
membranes, but no sunken eyes and a normal skin pinch.   Vital Signs: RR 36, HR 166, temp 37,3  
5. A mother brings in her 6-month-old child. The mother is very worried about a lump on her left eyelid. Otherwise she is 
drinking well and has just started eating solids.  At triage you find she has a small, soft lump on her left eyelid. It is not painful 
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few days.  At triage you find she is alert but looks small for her age. She is breathing fast with mild intercostal recession, she has 
no airway noises. She is pink and her hands are warm.  Vital Signs: RR 52, HR 153 and Temp 36.3 
7. A 3-month-old presents with diarrhoea and vomiting for the last 2 days. She is not tolerating any feeds according to her 
mother. At Triage you see a weak and tired looking child, she has dry mucous membranes but a normal skin pinch. She has cool 
hands and her breathing is fast with intercostal recession.  Vital Signs: RR42, HR 205, Temp 37,6  
8. An 8-year-old boy limps towards you in the triage area while holding the right side of his abdomen. He says he has severe pain 
for the last 2 days. He vomited once this morning but is having no diarrhoea.   At triage you find he is in a lot of pain, but alert 
and talking to you. You touch the right side of his stomach and he shouts in pain. He looks sweaty and tired.   Vital Signs: RR 
37, HR 149, Temp 40.7 
 
  
Urgent = 12 Needs to be seen within 60mins 
1. A 3-year-old presents with abdominal pain and vomiting. Her mother says she hasn’t been eating or drinking anything since 
yesterday.   At triage you find she has a dry mouth and is crying when you examine her but with no tears. She has no other 
significant signs.  Vital Signs: RR 20 HR 112, Temp 36.8 
2. A 6-year-old boy is brought in by his mother. He complains of a headache for the last two days. He says he cannot concentrate 
in school because of this. He hasn’t vomited and his vision is fine.  At triage you find a well looking boy who is holding his head 
in his hands. He has moderate pain (6/10).   Vital Signs: RR 16, HR 98, Temp 36 
3. A 2-month-old child known with TB presents with vomiting. His mother says, he is still drinking but has been vomiting for one 
day. He has not been able to take any medication.  At triage you find a slow skin pinch >2 s but not other signs of dehydration, 
child is reactive but looks wasted.   Vital signs: RR28, HR 162, Temp 37. 
4. A 3-year-old girl comes in with a ‘tight chest’ and no history of previous episodes. She is coughing and her mother says that 
the child is short of breath for the last 2 days.  They are very poor and at night it is very cold where they stay. The child looks 
uncomfortable but alert, she has no chest in drawing but you can hear her wheezing.  Vital Signs: RR 28, HR 135 and a temp 36.1 
5. A 3-year-old presents to your triage area. The history is that she was playing on the monkey bars/ jungle gym and fell off. The 
mother is worried about a broken bone.  At triage you find she is keeping her hand very still and close to her body. She cried 
when you try to touch it. The arm looks slightly abnormal but no breaks in the skin are seen. She is in moderate pain when she 
keeps her arm still (5/10).   Vital Signs: RR 20, HR 94, temp 35.4 
6. A mother complains that her child has been yellow for the last 3 weeks now. She says the previous doctor told her to keep him 
in the sun but it is not working. The child is 1 month old.  At triage you find a yellow looking child, he is active and awake but 
cries when you start taking his vital signs.    Vital Signs: RR 44, HR 133, Temp 36,7 
7. A mother complains that her 3-year-old son has been having a tight chest and difficulty breathing since yesterday. According 
to the mother he is a known ‘asthmatic’ On examination he is sitting up and tries to grab your cell phone. You lift up his shirt and 
see mild intercostal recessions with no other signs are seen.  Vital signs: RR 49, HR 155, Temp 37.6 
8. A mother says her 3-year-old child has been complaining of abdominal cramps for the last 2 days. He has also been coughing 
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